Objective The objective of this study is to investigate the diagnostic value of invasive prenatal diagnosis (PD) of congenital cytomegalovirus (CMV) infection from amniotic fluid (AF) and fetal blood (FB).
INTRODUCTION
Management of primary cytomegalovirus (CMV) infection in pregnancy includes targeted ultrasound (US) monitoring as well as counselling on invasive prenatal diagnosis (PD) of fetal infection. While US is indispensable for detecting CMV-derived abnormalities in infected fetuses, its value in diagnosing intrauterine viral transmission is limited.
1 Amniocentesis (AC)
is considered the best option for PD. 2 In order to reduce the risk of false negative results, it is generally recommended to perform AC after completed 21 weeks of gestation and at least 6 to 8 weeks after maternal infection. [2] [3] [4] Another approach to PD of fetal CMV infection is cordocentesis. Reported sensitivities for CMV DNA detection in fetal blood (FB) range from 41% to 92%, [5] [6] [7] [8] whereas the sensitivity for detection of CMV-specific Immunoglobulin M (IgM) is generally low. Although FB sampling does not increase sensitivity of PD, investigation of non-virological (hematological and biochemical) parameters may be of value to assess the clinical condition of the fetus. [9] [10] [11] [12] In our study, we describe a single center experience on invasive PD of fetal CMV infection in a 5-year cohort of women with primary CMV infection. We reevaluated factors (e.g. type of sample used, method, and scheduling of the procedure) that influence the diagnostic value of PD. In addition, we analyzed laboratory parameters in FB in relation to intrauterine infection and to US findings at the time of invasive PD.
METHODS
This retrospective study investigated 132 pregnant women with primary CMV infection who underwent invasive PD at the prenatal medicine unit Leverkusen (Department of Obstetrics and Gynecology, Klinikum Leverkusen) between 2010 and 2014. During the initial presentation, all women received extensive counselling and detailed US examinations. Following written informed consent, invasive PD was made by AC and concomitant cordocentesis in 117 women; in 11 cases, only amniotic fluid (AF) and in four cases, only FB were obtained. Maternal and fetal samples were investigated at Laboratory Enders, Stuttgart. Results of invasive PD were confirmed by CMV DNA and/(or) virus detection in fetal or placental tissue samples in case of termination of pregnancy or in neonatal urine samples obtained within the first 2 weeks of life. Congenital CMV infection may also be confirmed by positive CMV DNA or CMV-IgM ab results in cord or neonatal blood, whereas negative findings do not exclude intrauterine infection. Seventeen cases (15 with AC and simultaneous FB sampling and two with AC only) were excluded from the study because no information on virological outcome was available.
Following first invasive PD, most cases with proven intrauterine infection were treated with fetal intravenous administration of CMV hyperimmune globulin (HIG) and/or materno-fetal valganciclovir. Hence, we cannot describe the natural course of fetal CMV infection.
Patient data (e.g. demographic information, case history, prenatal CMV HIG treatment, US findings, and laboratory results) were retrospectively extracted from individual medical records and the laboratory information system. Prior to analysis patient identifiers were removed.
In women with known virological pregnancy outcome, CMV primary infection was diagnosed by IgG seroconversion (n = 57) or by low IgG avidity in the presence of positive IgM antibodies (n = 54 Ultrasound examinations were performed by one experienced examiner and one dedicated specialist in US and fetal medicine. High-frequency probes of premium-class US machines (Toshiba Aplio 500 Platinium edition and Samsung UGEO WS 80A) were used for transabdominal and transvaginal scans. All patients underwent a complete sonographic examination with evaluation of the AF, as well as the localization, size, and the sonographic appearance of the placenta. A complete fetal anatomical scan including fetal echocardiography and doppler sonography was performed. The guidelines of the International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) for the sonographic examination of the fetal central nervous system and the ISUOG practice guidelines for sonographic screening of the fetal heart were followed. Grading of US findings (severe or mild) at invasive PD was performed on the basis of number and localization of abnormalities as well as on the severity of isolated abnormalities. All women who underwent cordocentesis were admitted to hospital and monitored for least 24 h after intervention. AF and FB sampling were performed under continuous US guidance by one very experienced operator. Cordocentesis was usually carried out in free-hand technique at the placental cord insertion site or a free loop. For FB sampling before 21 gestational weeks (gw), a 22-G spinal needle was used.
The CMV DNA was quantitatively determined using an inhouse real-time PCR 15 or the RealStar ® CMV PCR Kit (altona DIAGNOSTICS). The sensitivity of both assays was 125 international units per mL (IU/mL). Infectious virus was detected in AF by rapid cell culture using a quantitative shell vial assay as previously described. 16 CMV-specific IgM was determined in all 106 FB samples using the CMV IgM ELA PKS (medac). FB samples were analyzed for platelet count (n = 99) using the Sysmex KX-21 analyzer, for beta-2 microglobulin (n = 100), gamma-glutamyl transpeptidase (GGT) (n = 97), and/or aspartate aminotransferase (AST) (n = 98) on an autoanalyzer (Roche/Hitachi MODULAR P800) using commercially available reagents (cobas, Roche). Gestational age is indicated in completed gestational weeks plus days (gw), for example, 20 + 0 gw. Institutional review board approval was not requested given the retrospective nature of the study and the removal of patient identifiers before analysis. For statistical analysis, we used MedCalc ® software version 11.4.1.0 for the diagnostic performance in pregnancies with short (≤8 weeks) and long (>8 weeks) intervals between estimated seroconversion and AC (Fisher's exact test) and in pregnancies with and without CMV HIG treatment (chisquared test). The software was also used for analyzing the results for FB markers in different subgroups (box-and-whisker plots, Mann-Whitney test, and Fisher's exact test).
RESULTS
Information on virological outcome was available in 115 of 132 women who underwent invasive PD ( Figure 1 ). Mean (range) maternal and gestational age at time of invasive PD was 33 years (19-44) and 24 gw (16-36), respectively. No pregnancy loss following AC and cordocentesis was observed in the 115 women, including 13 cases with early cordocentesis <18 + 0 gw. In ten of the 17 cases without suitable samples to confirm results of invasive PD, no procedure-related pregnancy loss -usually defined as fetal demise within 2 weeks after intervention -was observed. One intrauterine death occurred in a fetus with trisomy 21 within 1 week following intervention, and six pregnancies (with FB sampling ≥18 + 0 gw) were lost to follow up beyond the inpatient 24-h observation period.
Ultrasound
Abnormal US findings were observed in 22% (25/115) of fetuses at initial invasive PD. In our cohort, congenital cytomegalovirus infection (cCMV) was present in 64% (16/25) of fetuses with and 34% (31/90) of fetuses without US abnormalities. Table 1 shows US abnormalities of infected fetuses ranging from mild to severe. Seven fetuses presented with both cerebral and extracerebral abnormalities, three showed only cerebral, and six only extracerebral US abnormalities. Single US abnormalities were found in six cases (37.5%). The estimated time between seroconversion and detection of cerebral abnormalities was >10 weeks in eight of ten cases. US abnormalities in the nine uninfected fetuses were isolated polyhydramnion (n = 3) and hyperechogenic bowel, either isolated (n = 2) or together with placentomegaly (n = 1) or macroglossia, abnormal kidney (n = 1). One fetus presented with 'white spot' at 17 + 6 gw, another with mild periventricular echogenicity and borderline ventriculomegaly (10.0 mm) at 27 + 3 gw.
Invasive prenatal diagnosis Figure 2 shows the results of invasive PD and virological outcome in relation to gestational age at intervention. Invasive PD was positive in AF and/or FB in 36 of 115 pregnancies. In 35 of these cases, cCMV infection was confirmed at birth. A total of 12 newborns with negative PD showed evidence of cCMV. False negative PD results were observed at any gw. US abnormalities were present in three of six fetuses with a positive PD <20 + 0 gw and in 13 of 29 fetuses with a positive PD ≥20 + 0 gw (see also In one pregnancy with confirmed cCMV infection, culture was negative, and PCR was low positive (1700 IU/mL). In this case, the child was asymptomatically infected. The detection of CMV DNA and CMV-specific IgM in FB showed an overall concordance of 84.9% (90/106). Lowest diagnostic values were observed for IgM detection in FB [sensitivity 48.9%; negative predictive value (NPV) 71.6%], but sensitivity increased to 81.3% (13/16), if only symptomatic fetuses were considered. CMV DNA detection in AF and FB gave concordant results in 99% (101/102). In one FB sample of an uninfected fetus, CMV DNA (<125 IU/mL) and CMV IgM (index 1.8) were detected at low level, whereas AF and neonatal urine were CMV PCRnegative and culture-negative. The diagnostic value of CMV DNA detection in AF in relation to gestational age and time between estimated seroconversion and AC is presented in Table 2b . Because the proportion of false negative PD results was very high (33%, 2/6) in women with AC ≤16 + 6 gw, we selected a subgroup of women with invasive PD ≥17 + 0 gw (n = 105) for this analysis. The interval between estimated time of seroconversion and invasive PD was ≤8 and >8 weeks in 25 and 52 pregnancies, respectively. In the remaining 28 cases (including two cases with false negative PD), patient's history and laboratory results did not allow a classification into these time categories. Specificity and positive predictive value of CMV DNA detection in AF was 100% in all subgroups. Sensitivity and NPV were significantly higher in pregnancies with a time interval of >8 weeks compared with those with ≤8 weeks between seroconversion and AC (p < 0.05). Restriction to AC ≥20 + 0 gw did not increase sensitivity and NPV.
A Patients with amniocentesis at 17 + 0 to 19 + 6 (n = 21) and ≥20 + 0 (n = 56).
respectively. The observed differences were statistically not significant (p > 0.05). Table 1 , all five symptomatic fetuses with US abnormalities graded as 'mild' had beta-2 microglobulin values below 14 mg/ L and platelet counts above 120 × 10e9/L. This was also true for all 23 asymptomatic infected fetuses (Table 3) , except for one with a platelet count of 82 × 10e9/L. Interestingly, this fetus developed US abnormalities 7 weeks after invasive PD (data not shown). In summary, beta-2 microglobulin values above 14 mg/L or platelet counts below 120 × 10e9/L were significantly more often found in fetuses with severe US abnormalities (beta-2: 6/11; platelets: 8/11) compared with fetuses with no or mild abnormalities (beta-2: 0/23; platelets: 1/23; p < 0.001).
Non-virological markers in fetal blood

Viral markers in fetal blood and amniotic fluid
As presented in Figure 
DISCUSSION
In our series of 115 pregnant women with primary CMV infection and known virological outcome, we reevaluated the factors that potentially influence the diagnostic value of PD.
On the whole, US imaging was not able to reliably diagnose intrauterine CMV infection. This observation is in accordance with the findings of others. 1 However, the presence of multiple and/or cerebral US abnormalities was suggestive of intrauterine infection. In our cohort, severe fetal symptoms Figure 3 Box plots of (a) beta-2 microglobulin, (b) platelet count, (c)
GGT, and (d) AST levels. A1 indicates infected fetuses (PD positive) with ultrasound abnormalities, A2 indicates infected fetuses (PD positive) with normal ultrasound, B indicates uninfected fetuses, and C indicates fetuses with false negative PD. AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; PD, prenatal diagnosis mostly occurred following periconceptional or first trimester infections. These findings are in accordance with previous studies showing that maternal infection in the first trimester is a risk factor for symptomatic fetal infection. 17, 18 Nevertheless, second trimester infections may also lead to symptoms in the fetus or the newborn. 18, 19 As recently reviewed, the value of invasive PD depends on several factors (i.e. method used, type of specimen, and timing of procedure). 20, 21 PCR has been suggested to be more sensitive than culture for detection of CMV in AF. [22] [23] [24] In our series, the agreement between the two methods was 99.1% (110/111) giving a nearly equal sensitivity for PCR and culture of 72.7% and 70.5%, respectively. The discordant sample was obtained at 24 + 3 gw and <6 weeks after maternal seroconversion. Hence, the false negative culture result can be explained by the short time interval between seroconversion and AC. A high concordance between viral culture and PCR was also reported by Leyder et al. (100%), 25 Feldman et al. (100%), 19 and Gouarin et al. (98.9%). 26 In the latter study, the only discrepancy was a PCR-positive/ culture-negative finding in a child uninfected at birth resulting in a slightly superior specificity of the culture method. Such false positive PCR results in AF have also been reported in other studies. 7, 22, 23, 27, 28 Because a positive result in PD may lead to irreversible decisions, we and others 21, 29 recommend that at least two virological assays should be performed.
Prenatal diagnosis of cCMV may also be attempted via cordocentesis. Detection of specific IgM in FB to diagnose congenital CMV infection has a well-known limited sensitivity, 8 which is in line with our observations. For detection of CMV DNA in FB, reported sensitivity of PCR ranged from 41% to 92%. [6] [7] [8] 23 One strength of our study is a large number of FB samples (n = 102) concomitantly investigated with AF. In contrast to early studies, 6, 23 we showed that the sensitivity of CMV DNA detection in AF was not superior to that in FB (72.7% vs 75.6%). However, in view of the higher complication rate associated with FB sampling, AC is the method of choice for diagnosis of fetal CMV infection. A very important factor for the sensitivity of invasive PD is the timing of AC. 7, 8, 30 In our series, for women with AC ≥17 + 0 weeks' gestation, sensitivity of PD was about twice as high in cases with an interval of >8 weeks between maternal seroconversion and AC (90.9%) compared with those with an interval of ≤8 weeks (45.5%). Current recommendations on timing of AC 2-4 are based on limited data. [5] [6] [7] 30, 31 In the only study analyzing both factors concomitantly (gestational age and time interval), the authors concluded that for high sensitivity, the delay between AC and seroconversion was more important than gestational age. 30 Cases with false negative AC <20 + 0 gw reported in the literature are often poorly defined with regard to the time interval between maternal infection and AC and may include a significant number of cases with early AC before 17 + 0. In our study, we did not observe a Abnormal ultrasound findings (periventricular hyperechogenicity) at 25 + 0 gestational week (7 weeks after invasive PD).
difference in sensitivity whether the AC was performed ≥17 + 0 gw or ≥20 + 0 gw as long as the time interval was >8 weeks. Therefore, invasive PD might be approached ≥17 + 0 gw in women with preconceptional/periconceptional or early first trimester primary infection without a significant loss of sensitivity. This option of earlier diagnosis needs further investigation, as in our study, the number of cases with intrauterine transmission and AC before 20 + 0 gw was limited. An earlier PD is desired for several reasons: Negative results may reassure parents. In case of positive results, early measures may be taken if considered appropriate, like termination of pregnancy before the age of fetal viability or initiation of treatment before significant damage to the central nervous system has occurred. It is noteworthy that a negative PD cannot rule out congenital infection at birth with absolute certainty, even when performed under the best conditions. One possible explanation is delayed intrauterine transmission after the performance of AC. This hypothesis is supported by recently published data showing that infected children with false negative PD -performed after completed 21 weeks' gestation and more than 6 to 8 weeks after seroconversionwere less likely to have symptoms or hearing loss at birth compared with a control group of children with positive AF.
None of the children with a false negative PD had neurological sequelae at long-term follow-up. 32 It remains to be determined whether a false negative PD result at 17 + 0 to 19 + 6 gw is associated with the same favorable outcome. In addition to virological (CMV DNA and CMV IgM), we also investigated several non-virological (platelet count, beta-2 microglobulin, GGT, and AST) laboratory parameters in relation to fetal infection and US findings at time of PD. We could not evaluate the prognostic value of these parameters concerning the natural course of infection, because most of our infected fetuses received prenatal treatment. The outcome of pregnancy with respect to treatment is subject of a forthcoming publication. Infected fetuses with abnormal US findings had significantly higher IgM index values and a higher viral load in FB compared with asymptomatically infected fetuses. However, there was a great overlap between both groups restricting the value of these markers in differentiating symptomatic from asymptomatic infections. A viral load of <1500 IU/mL in FB was only observed in asymptomatic fetuses. As previously reported, viral load in AF was not associated with the presence of US abnormalities. 33, 34 Our values for non-virological laboratory parameters in uninfected fetuses correlated well with those of others. 12, [35] [36] [37] Infected fetuses presented with significantly higher beta-2 microglobulin, GGT, and AST levels and significantly lower platelet counts compared with noninfected fetuses. Similar findings have been described by Fabbri et al. 12 Best discrimination between infected and uninfected fetuses was achieved by beta-2 microglobulin. Our observation that in cases with a false negative PD, all non-virological parameters were within the normal range suggests that the fetus was either in the incubation period or that intrauterine transmission had not occurred at the time of intervention. In contrast to Fabbri et al., 12 we did not observe significant differences in the investigated non-virological parameters between infected fetuses with and without US abnormalities. This may be explained by the fact that we did not consider clinical findings at birth. Nevertheless, we found abnormal non-virological FB markers beyond a certain threshold (beta-2 microglobulin >14 mg/L, platelet counts <120 × 10e9/L) alone or in combination significantly more often in symptomatic fetuses with severe US abnormalities compared with fetuses with no or mild abnormalities. Generally, in case of a positive PD, the prognosis for the fetus is assessed using targeted fetal US. However, grading and evaluation of sonographic findings may vary between observers, and clinical relevance of non-specific or isolated US signs is often unclear. In addition, US findings may change with time, and various studies indicate that 7% to 52% of initially asymptomatic fetuses will develop symptoms later during gestation. 1, 11, 38 In this context, FB markers alone or in combination may be a helpful supplemental tool for identifying fetuses at increased risk for severe disease and for selecting those which might profit from prenatal treatment, for example, with valacyclovir as recently suggested by Lereuz-Ville et al. 39 Cutoffs and optimal combination of various virological and non-virological markers for prediction of outcome are still under investigation.
12,38,40 Figure 4 Box plots of (a) CMV-specific IgM and (b) viral load in fetal blood in infected fetuses (PD positive); (A1) with US abnormalities and (A2) with normal US. CMV, cytomegalovirus; PD, prenatal diagnosis; US, ultrasound
CONCLUSION
Our results confirm that detection of CMV in AF by PCR or culture is a reliable method to diagnose fetal infection as long as AC is performed >8 weeks after maternal seroconversion. In contrast to current recommendations, we hypothesize that AC as early as 17 + 0 gw has an adequate diagnostic sensitivity. This has to be confirmed by larger (preferably prospective) clinical studies. In our cohort, cordocentesis does not add diagnostic sensitivity nor do FB markers enable a clear-cut differentiation between symptomatic and asymptomatic fetuses. However, they may be beneficial in the individual management of pregnant women with confirmed congenital CMV infection.
